In the present well written and structured manuscript the authors provide new data regarding the role of the endothelial tight junction molecule JAM-A and JAM-A-induced intracellular signaling for the mesoangioblast homing to damaged muscles and their therapeutic effects. Indeed, the authors found that deficiency or inhibition of JAM-A in mice leads to an increased homing of mesoangioblasts to damaged muscles thereby supporting the differentiation of mesoangioblasts to muscle tissue. Additionally, the authors provide data that this is happening by an already known mechanism involving the JAM-A-mediated regulation of endothelial Rap1 activity. The data are interesting and novel and have potential translational value not only for skeletal muscle diseases but also may be relevant for the treatment of heart diseases. However, the data are incomplete in the present form. Hard data (with potential clinical relevance) regarding the effects of the treatments on the muscle functionality are missing. Moreover, the underlying mechanisms of action of the inhibition of endothelial JAM-A and Rap1 in the transmigration process of mesoangioblasts are also missing. Therefore, additional experiments are necessary to address these issues and to increase the potential medical impact of this manuscript.
Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now heard back from the three referees whom we asked to evaluate your manuscript.
As you will see from the enclosed referees' comments, they all find the study to be relevant and of interest. However, they also raise a number of concerns that I would like you to address in a revised version of your manuscript.
All three referees are concerned with the lack of in vivo data: referees #1 and #2 insist upon showing improved muscle function following treatment and referee #3 would like to see data regarding JAM-A inhibition in vivo. We agree that these experiments would greatly improve the clinical significance of your data.
In addition, referee #1 and to a lesser extend referee #2 mention that the underlying mechanism should be elucidated. We strongly encourage developing the study as far as realistically possible in these direction to strengthen your findings.
As you know, EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are published by others during review or revision are not a criterion for rejection. However, I do ask you to get in touch with us after three months if you have not completed your revision, to update us on the status. Please also contact us as soon as possible if similar work is published elsewhere. I look forward to seeing a revised form of your manuscript as soon as possible. ***** Reviewer's comments ***** Referee #1 (Comments on Novelty/Model System):
In the present well written and structured manuscript the authors provide new data regarding the role of the endothelial tight junction molecule JAM-A and JAM-A-induced intracellular signaling for the mesoangioblast homing to damaged muscles and their therapeutic effects. Indeed, the authors found that deficiency or inhibition of JAM-A in mice leads to an increased homing of mesoangioblasts to damaged muscles thereby supporting the differentiation of mesoangioblasts to muscle tissue. Additionally, the authors provide data that this is happening by an already known mechanism involving the JAM-A-mediated regulation of endothelial Rap1 activity. The data are interesting and novel and have potential translational value not only for skeletal muscle diseases but also may be relevant for the treatment of heart diseases. However, the data are incomplete in the present form. Hard data (with potential clinical relevance) regarding the effects of the treatments on the muscle functionality are missing. Moreover, the underlying mechanisms of action of the inhibition of endothelial JAM-A and Rap1 in the transmigration process of mesoangioblasts are also missing. Therefore, additional experiments are necessary to address these issues and to increase the potential medical impact of this manuscript.
Referee #1 (Remarks):
In the present well written and structured manuscript the authors provide new data regarding the role of the endothelial tight junction molecule JAM-A and JAM-A-induced intracellular signaling for the mesoangioblast homing to damaged muscles and their therapeutic effects. Indeed, the authors found that deficiency or inhibition of JAM-A in mice leads to an increased homing of mesoangioblasts in damaged muscles thereby supporting the differentiation of mesoangioblasts to muscles. Additionally, the authors provide data that this is happening by an already known mechanism involving the JAM-A-mediated regulation of endothelial Rap1 activity. The data are interesting and novel and have potential translational value not only for skeletal muscle diseases but also may be relevant for the treatment of heart diseases. However, the data are incomplete in the present form. Hard data (with potential clinical relevance) regarding the effects of the treatments on the muscle functionality are missing. Moreover, the underlying mechanisms of action of inhibition of endothelial JAM-A and Rap1 in the transmigration process of mesoangioblasts are not clear. Therefore, additional experiments are necessary to address these issues.
Major comments: #1
The authors provide evidence that inhibition of endothelial JAM-A or Rap1 increases recruitment of mesoangioblasts to acutely and chronically damaged muscles thereby promoting their differentiation to muscle tissue as shown by immunofluorescence and histochemistry stainings. Even if these data suggest that inhibition of endothelial JAM-A or Rap1 might support muscle regeneration by mesoangioblasts, do not prove it, since data regarding the functionality of the muscles (which is clinically important) are missing. Specifically, in order to increase the evidence for the regeneration mediated by mesoangioblasts, the authors should study the effects of inhibition/deficiency of JAM-A and inhibition of Rap1 on the mesoangioblast-induced functional recovery of the muscles in vivo. These data will support the evidence for the translational potential of this approach.
#2
The authors provide data that mesoangioblasts transmigrate through endothelial cell monolayers and that endothelial JAM-A and Rap1 control/limit this process. However, the nature of the adhesive trans-interactions (between mesoangioblasts and endothelial cells) and the steps of this transmigration process are not known. Moreover, data regarding the mechanism by which JAM-A and Rap1 limit the transmigration process of mesoangioblasts are missing and it is unclear which steps of the transmigration process are affected by JAM-A deficiency and by inhibition of endothelial Rap1. Therefore, I suggest to the authors to study by employing real time microscopy: a) the steps of the mesoangioblast transmigration process in relation to the JAM-A localization in endothelial cells by using fluorescent-labeled JAM-A-constructs in endothelial cells b) to identify which steps of the transmigration process of the mesoangioblasts are affected by endothelial JAM-A deficiency and Rap1 inhibition #3 Deficiency of JAM-A or inhibition of endothelial Rap1 does not only affect tight junctions but also, as demonstrated by other groups: a) reduces the integrin-mediated adhesivity to extracellular cell matrix proteins. How can the authors exclude that inhibition of JAM-A or endothelial Rap1 does not affect transendothelial migration of MAB by an effect on endothelial integrins ? b) induces tissue edema and reduces leukocyte infiltration (inflammation). Therefore, I suggest to the authors to study, whether these mechanisms could be involved in the therapeutic effects of inhibition of endothelial JAM-A and Rap1.
#4
Does an in vivo treatment with 007 reduce the homing and the regenerative capacity of MAB ?
Minor comments #1
The effects on the subcellular localization of active RAP1 in the figure 5E are not obvious. Therefore, I suggest to the authors to provide better images assessing the localization of RAP1.
Referee #2 (Comments on Novelty/Model System):
This is an elegant study that addresses an important medical problem in dystrophy.
Referee #2 (Remarks):

Summary
The authors investigate the impact of JAM-A downregulation and JAM-A inhibitory antibodies on mesoangioblast engraftment in dystrophic muscle.
Concerns
1) The authors elegantly demonstrate that MABs reach the muscle tissue more efficiently in conditions of JAM-A deficiency or Rap1 inhibition. To demonstrate the functional relevance of these findings, it would be useful to complement the studies by demonstrating improved muscle function after manipulation of JAM-A or Rap1. 2) Please elaborate on the analysis in figure 5B . It is unclear why EPAC levels return to baseline at 15 hour after BV11 treatment. This is important as stable down-regulation of JAMA-A results in less EPAC. How many times were the experiments in figure 5B performed?
3) The use of a novel Rap1 inhibitor is an exciting approach with therapeutic potential. Can the authors please provide additional data to demonstrate the specificity of the inhibitor for Rap1. 4) The immunofluorescence images in Figure 5E are difficult to interpret. Please provide images showing more cells with high magnification inset. For quantifying active junctional Rap1 it would be useful if the fluorescence intensity is normalized to a protein signal that does not change e.g. total Rap1. Additionally, a merged image showing active Rap 1 and VE-cadherin could help in highlighting loss of junctional Rap1. 5) Please revise or remove the co-immunoprecipitation of JAM-A and EPAC-2 since the current image is not convincing. 6) Please provide additional details related to the methods used for assessing MAB migration, such as the number of MABs used. Why was the 6 hour time point selected for the engraftment studies? 7) Please provide images showing histology of the adductor muscle in Figure 1B . Why is the muscle fiber size and spacing in the gastrocnemius of wild type and JAM-null mice different? 8) The authors inappropriately use a T-Test for data that has been normalized to a control (Figs 1A, 2A, 2B, 6F). Please use another statistical test or remove statements of significance. 9) Please comment on the mechanisms of MAB migration.
Referee #3 (Comments on Novelty/Model System):
As I explained in my review, I feel that additional experiments will be necessary to prove the overall message of this manuscript. Particularly, it is felt that data demonstrating the inhibition of the JAM-A axis in vivo following delivery of the inhibitor should be added.
Referee #3 (Remarks):
The manuscript from Giannotta et al. reports an increase in stem cell engraftment in dystrophic mice following blockade of JAM-A. The authors present a series of experiments in isolated cells as well as live mice indicating that mesoangioblasts from embryonic or adult origins are able to cross the endothelial barrier more efficiently when JAM-A and its downstream signals are inhibited in endothelial cells. While the findings in these studies are potentially promising and novel, it is felt that additional experiments will strengthen the conclusion that JAM-A blockade facilitates the migration of injected cells to the muscle tissue.
Major concerns:
In Figure 1 , the authors do not show what the baseline engraftment of adult MAB is in WT mice, which serves as baseline control. It seems that adult cells engraft more efficiently than embryonic cells overall, so the appropriate reference control should be shown.
While genetic ablation of JAM-A in recipient mice indicates that engraftment of transplanted cells in the muscle tissue is increased, the data using BV11 inhibition in recipient mice prior to cell injection does not demonstrate that JAM-A and its downstream effectors are indeed inhibited, as this was not tested. The authors should prove that the inhibitor BV11 in vivo indeed blocks the JAM-A axis in recipient sarcoglycan null/beige mice.
The in vitro studies using downregulated JAM-A in HUVEC cells indicates that human cells migrate more easily when JAM-A expression is decreased. While these studies are supportive of the overall concept that cell migration might be increased when JAM-A is inhibited, they are not strictly supportive of the model proposed here. The authors inject human cells into mice, while the in vitro migration experiments are tested using human cells only. It is felt that a situation resembling more closely the in vivo model should be tested, as this would be more supportive.
The studies using GGTI-298 inhibitor in vivo suffer form the same limitations listed for the BV11 inhibitor. Indeed, effective in vivo blockade of JAM-A and downstream effectors should be supported by additional experiments, particularly given that this drug is delivered IP only 1 hr prior to MAB injection.
The immunoprecipitation of EPAC-2 and EPAC-1 using the JAM-A antibody seems very weak (particularly EPAC-2), given the amount of input material. Given that direct binding of these two proteins might be controversial, did the authors attempt a reverse pull-down? Referee #1 (Comments on Novelty/Model System):
In the present well written and structured manuscript the authors provide new data regarding the role of the endothelial tight junction molecule JAM-A and JAM-A-induced intracellular signalling for the mesoangioblast homing to damaged muscles and their therapeutic effects. Indeed, the authors found that deficiency or inhibition of JAM-A in mice leads to an increased homing of mesoangioblasts to damaged muscles thereby supporting the differentiation of mesoangioblasts to muscle tissue. Additionally, the authors provide data that this is happening by an already known mechanism involving the JAM-A-mediated regulation of endothelial Rap1 activity. The data are interesting and novel and have potential translational value not only for skeletal muscle diseases but also may be relevant for the treatment of heart diseases. However, the data are incomplete in the present form. Hard data (with potential clinical relevance) regarding the effects of the treatments on the muscle functionality are missing. Moreover, the underlying mechanisms of action of the inhibition of endothelial JAM-A and Rap1 in the transmigration process of mesoangioblasts are also missing. Therefore, additional experiments are necessary to address these issues and to increase the potential medical impact of this manuscript.
We would like to thank Referee #1 for his/her favourable comments on our paper and for the recommendations, which helped us to complete our observations.
Referee #1 (Remarks):
Major comments:
#1
The authors provide evidence that inhibition of endothelial JAM-A or Rap1 increases recruitment of mesoangioblasts to acutely and chronically damaged muscles thereby promoting their differentiation to muscle tissue as shown by immunofluorescence and histochemistry stainings. Even if these data suggest that inhibition of endothelial JAM-A or Rap1 might support muscle regeneration by mesoangioblasts, do not prove it, since data regarding the functionality of the muscles (which is clinically important) are missing.
Following this Referee suggestion, we performed functional tests on dystrophic immunodeficient Sgca-null/scid/beige mice. In particular we assessed their relative motor capacity by means of treadmill to exhaustion test and the data are now shown in Fig 7G and discussed in the main text on page 16.
In details, we have performed functional measurements on three experimental groups:
-untransplanted Sgca-null/scid/beige mice -Sgca-null/scid/beige mice injected bilaterally with 5x10 5 cells intra-artery -Sgca-null/scid/beige mice treated with GGTI-298 and injected bilaterally with 5x10 5 cells intraartery
The data show that treatment of Sgca-null/scid/beige mice with GGTI-298 prior mesoangioblasts intra-arterial injection improves their motor capacity ( Fig 7G) . Importantly, in this set of experiments we used a sub-optimal amount of cells (5x10 5 cells/IA) compared to what published before for functional tests (10 6 cells/IA; (Tedesco et al, 2012; Tedesco et al, 2011) in order to highlight the potential effect of GGTI-298.
We also added in Supporting Information Fig S6 data showing the trend of each age-matched group (2 months old; 4 months old; 7 months old). Values are plotted as means of motor capacity (running time) obtained for each mouse at any time points (21 days, 28 days, 25 days post transplantation) and have been normalized on its own baseline (time to exhaustion before transplantation).
#2
The authors provide data that mesoangioblasts transmigrate through endothelial cell monolayers and that endothelial JAM-A and Rap1 control/limit this process. However, the nature of the adhesive trans-interactions (between mesoangioblasts and endothelial cells) and the steps of this transmigration process are not known. Moreover, data regarding the mechanism by which JAM-A and Rap1 limit the transmigration process of mesoangioblasts are missing and it is unclear which steps of the transmigration process are affected by JAM-A deficiency and by inhibition of endothelial Rap1. Therefore, I suggest to the authors to study by employing real time microscopy:
a) the steps of the mesoangioblast transmigration process in relation to the JAM-A localization in endothelial cells by using fluorescent-labelled JAM-A-constructs in endothelial cells b) to identify which steps of the transmigration process of the mesoangioblasts are affected by endothelial JAM-A deficiency and Rap1 inhibition
As requested by this Referee, we investigated whether JAM-A acts on adhesion or transmigration of mesoangioblasts through endothelial cell monolayers. As now reported in the Supporting Information Fig S5A embryonic mesoangioblasts adhered in a similar manner to the endothelium regardless of the presence or the absence of JAM-A. Moreover, adult mesoangioblasts adhere even less to JAM-A null endothelial cells (Supporting Information Fig S5A) . Thus, increased adhesion does not explain the different capacity of mesoangioblast to infiltrate through endothelial cell monolayers.
To further investigate the adhesion and transmigration process we performed live-cell imaging of adult mesoangioblasts (C57-GFP) migrating through JAM-A-WT and JAM-A-null endothelial cells. Both JAM-A-WT and JAM-A-null endothelial cells were stably infected to express the fluorescent protein Td-Tomato and the cells were seeded on collagen gels. This procedure facilitates the observation of mesoangioblasts crossing the endothelial monolayers and invading the matrix in vitro. We found that MABs make contact with the JAM-A-WT endothelial but they are unable cross the monolayer and retain a spherical shape up to 290 min. In contrast, MABs seeded on JAM-A-null endothelium are able to elongate pseudopods through the endothelial monolayer, transmigrate and invade the collagen gel ( Fig 5A, Supporting Information Fig S5G and Movie M1).
To further test the hypothesis that endothelial junctions are less tight in absence of JAM-A, we made efforts to generate fluorescent-labelled JAM-A-constructs. We used different lentiviral vectors to express JAM-A protein as C-and N-terminal fusions of the AcGFP or Td-Tomato proteins and we also tried to introduce a flexible linker between the JAM-A and the fluorescent protein. Unfortunately, none of the constructs localized at the endothelial junctions strongly enough to be suitable for live-cell imaging experiments.
Therefore, to meet the Referee request, we performed live-cell imaging of both JAM-A-WT and null endothelial cells stably infected to express the AcGFP-tagged PECAM-1, in order to specifically follow the behaviour of the endothelial junctions.
During 5 h observation, we found that junctions in JAM-A-null endothelial monolayers are continuously formed and disrupted ( Fig 5B and Supporting Information Movie M2) , showing a more dynamic behaviour compared to JAM-A-WT endothelium. These data support the idea that mesoangioblasts transmigration through JAM-A-null endothelial cells is facilitated by the dynamic remodelling of the junctions (Fig 5C and Supporting Information Movie M3 ).
Finally, we performed a time course transmigration assay of C57-GFP mesoangioblasts through JAM-A-null endothelial cells. The junctions were stained with an anti-PECAM-1 antibody (Fig 5D) . The orthogonal view and the 3D reconstruction showed that C57-GFP mesoangioblasts transmigrate across the endothelium via the paracellular route ( Fig 5D) likely mediated by the local dynamic dismantling of the junctions described above. These data have been now included in the main text in a separate paragraph ("Changes in junction organization drive MAB transmigration through JAM-A-null endothelial cells " at pages 11-13). Therefore, I suggest to the authors to study, whether these mechanisms could be involved in the therapeutic effects of inhibition of endothelial JAM-A and Rap1.
a) Endothelial cells express mostly b1 and b3-integrins and the adhesive properties of these integrins may be affected by JAM-A and Rap-1 deficiency, as pointed out by this Referee (McSherry et al, 2011; Naik & Naik, 2006; Peddibhotla et al, 2013; Severson et al, 2009 ). We therefore studied whether the expression and function of these integrins may be altered in JAM-A-null endothelial cell monolayers. Western blot analysis showed that the absence of JAM-A results in a slight decrease of b1-integrin, as previously reported (McSherry et al, 2011; Severson et al, 2008; Severson et al, 2009) . In contrast, the expression level of b3-integrin is increased in JAM-A-null endothelial cells compared to WT (Supporting Information Fig S5B, C) . This modulation of b1 and b3-integrin expression levels, although quite small, suggests that there may be a differential organization of extracellular matrix proteins in JAM-A-null and WT endothelial cells. To test this possibility, we compared the subendothelial organization of fibronectin, laminin and collagen IV in JAM-A-null and WT endothelial cells (as now reported in Supporting Information Fig S5D) but we have been unable to detect significant differences.
In addition, we tested the migration of mesoangioblasts through the isolated matrix of JAM-A-null or WT endothelial cells. We prepared endothelial extracellular matrices by extracting cell monolayers seeded on Transwell filters, as described in Materials and Methods (Giese et al, 1994) . These coated-filters were then used for the transmigration assay. We found that mesoangioblasts migrated in a comparable way across the filters coated with the extracellular matrix of JAM-A-null and WT cells (Supporting Information Fig 5SE) .
Finally, to further investigate a possible role of endothelial b1 and b3-integrins in mesoangioblast transmigration we used specific integrin blocking antibodies (Ashkar et al, 2000; Noto et al, 1995) . We found that inhibition of β1 and β3-integrins slightly increase (by 30%) transmigration through JAM-A-WT endothelial cells compared to non-related IgG (see Supporting Information Fig S5F) . However, this increase is far less than the one we obtained with JAM-A neutralizing antibody (>80%, see Fig 3C, D) and, most importantly, mesoangioblast diapedesis through JAM-A-null endothelial cells was not significantly affected by the presence of b1 and b3-integrin blocking antibodies, compared to non-related IgG (Supporting Information Fig S5F) .
Overall we believe that these new findings rule out a major involvement of b1 and b3-integrins in the increased transmigration of mesoangioblasts through JAM-A null endothelial cells. All these novel data are now included in Fig S5 and in the main text in a separate paragraph ("Changes in junction organization drive MAB transmigration through JAM-A-null endothelial cells" on pages 11-13).
b) To test for the possible presence of tissue edema when JAM-A (with BV11) or Rap-1 activation (with GGTI-298) are impaired, we performed in vivo experiments by injecting cadaverine-Alexa Fluor-555 (25 mg/kg) in the tail vein of Sgca-null mice treated with BV11 or GGTI-298. After 2 h the mice were sacrificed and lungs, livers, whole brains and muscles were collected for the quantification of fluorescence. The data did not show any significant accumulation of the tracer in the organs and muscles of both BV11-and GGTI-treated mice when compared with untreated (IgG or vehicle, respectively) mice (Supporting Information Fig S4A) .
As requested, we also performed CD68 + (macrophages) staining on Sgca-null/JAM-A-null and Sgcanull mice (Supporting Information Fig S3C) . We found that the number of CD68 + macrophages in Sgca-null/JAM-A-null mice was decreased compared with Sgca-null mice (Supporting Information Fig S3C, D) , which is in agreement with previous data (Corada et al, 2005) . To test whether the reduced number of macrophages could improve the engraftment of mesoangioblasts indirectly by increasing cell survival and reduce muscle damage, we performed TUNEL staining. We found that apoptosis was not decreased in Sgca-null/JAM-A-null mice as compared to Sgca-null mice (Supporting Information Fig S3E, F) .
These results are consistent with the observation that in all types of in vitro experiments, mesoangioblast diapedesis through JAM-A null endothelium is significantly increased also in absence of inflammation or tissue damage (Fig 3, Fig 4A-C and Fig 7C-E) . The new data have been now included in the main text at pages 7-8).
#4
Does an in vivo treatment with 007 reduce the homing and the regenerative capacity of MAB?
007 has been used in vitro only or in vivo via intra-renal injections (Stokman et al, 2011) . We discussed the possibility of using 007 in vivo with Johannes Bos who originally characterized this compound. However, he told us that the pharmacodynamics of 007 is not suitable for in vivo experiments because intravenously injection of this drug results in a very rapid clearance and the amount of the compound taken up by cells and tissues is very low.
To overcome this issue we used a modified form of 007, so called 007-AM, that should have an enhanced in vitro biological activity and an increased cellular uptake (Vliem et al, 2008) . We tried different doses of 007-AM (2-3 mg/kg intravenously), but we could not observe a significant increase in Rap-1 activation in vivo. Therefore, a more extensive study of the pharmacokinetics of this drug in vivo, including the evaluation of its uptake by different types of cells and tissues is needed before reaching a correct dose regimen. We believe, however, that this would be far beyond the scope of this paper.
Minor comments #1
To facilitate the interpretation of these data, we refined the panel E of the Fig 6 ( previously named Fig 5E) including a new inset showing only the pixels deriving from active Rap-1 and VE-cadherin co-localization.
Referee #2 (Comments on Novelty/Model System):
This is an elegant study that addresses an important medical problem in dystrophy. Total Rap-1
Rap-1-GTP Sgca-null mice were treated with 007-AM (2-3 mg/Kg n = 2 for each dose) or with vehicle (n = 2) as control. After 2 h, the hind limb muscles (gastrocnemius, tibialis anterior and quadriceps) were collected and then processed by Tissue Lyser II. The protein extracts were incubated with the Ral-GDS-RBD probe. The active Rap-1 (Rap-1-GTP) and total Rap-1 were detected using an anti-Rap-1 antibody.
We warmly thank the Referee for his/her encouraging comments.
(Remarks):
Summary
Concerns
The authors elegantly demonstrate that MABs reach the muscle tissue more efficiently in conditions of JAM-A deficiency or Rap1 inhibition. To demonstrate the functional relevance of these findings, it would be useful to complement the studies by demonstrating improved muscle function after manipulation of JAM-A or Rap1.
As also reported in the rebuttal to Referee #1, we performed functional tests by assessing mice motor capacity using a treadmill test to exhaustion and the data are now shown in Fig 7G and discussed in the main text on page 16.
In particular we tested three experimental groups:
untreated Sgca-null/scid/beige mice intra-artery -Sgca-null/scid/beige mice treated with 5x10 5 cells intra-artery -Sgca-null/scid/beige mice treated with 5x10 5 cells and GGTI-298
The data show that treatment of Sgca-null/scid/beige mice with GGTI-298 prior mesoangioblast intra-arterial injection improves their motor capacity ( Fig 7G) . Importantly, in these set of experiments we used a sub-optimal amount of cells (5x10 5 cells) compared to what published before for functional tests (10 6 cells, Tedesco et al, 2012; Tedesco et al, 2011) in order to highlight the potential effect of GGTI-298. Values in Fig 7G, are plotted as means of motor capacity (running time) obtained for each mouse at any time points (21 days, 28 days, 25 days post transplantation) and have been normalized on its own baseline (time to exhaustion before transplantation).
We also added in Supporting Information Fig S6 data showing the trend of each age-matched group (2 months old; 4 months old; 7 months old).
Please elaborate on the analysis in figure 5B . It is unclear why EPAC levels return to baseline at 15 hour after BV11 treatment. This is important as stable down-regulation of JAM-A results in less EPAC. How many times were the experiments in figure 5B performed?
In the manuscript we reported that stable down-regulation of JAM-A results in less EPAC-1 and EPAC-2 ( Fig 6A, previously named 5A) . In the attempt to modulate EPAC-1 and EPAC-2 expression by acute inhibition of JAM-A, we performed a time course experiment in the presence of BV11 antibody. In Fig 6B we showed that EPAC-1 and EPAC-2 expression decreases but returns to baseline within 15 hours after BV11 treatment. A possible explanation is that BV11 loses its activity after 15 hours. To test this possibility, we followed JAM-A localization during the 15 hours duration of the experiment. Eight hours after BV11 treatment, JAM-A staining appeared more diffuse and less intense at the junctions while at 15 hours junctional staining of JAM-A was restored. These observations are consistent with restoration of EPAC-2 expression reported in the figure. We include these data for the Referee perusal.
The experiment reported in Fig 6B page 39 is representative of three independent experiments as it is now reported in the legend to the Figure. The use of a novel Rap1 inhibitor is an exciting approach with therapeutic potential. Can the authors please provide additional data to demonstrate the specificity of the inhibitor for Rap1.
We thank the Referee for this comment but GGTI-298 is not a novel Rap-1 inhibitor. It was used previously in a number published studies as a specific Rap-1 inhibitor (Chen & Dickman, 2005; De Grandis et al, 2013; Funaki et al, 2010; Hecquet et al, 2002; Kanda & Watanabe, 2007; Kogut et al, 2007; Lee et al, 2011; Li et al, 2010) . The dose of GGTI-298 that we used in our experiments is consistent with the ones previously published to specifically inhibit Rap-1 (Kanda & Watanabe, 2007; Kim et al, 2010; Kogut et al, 2007) .
The immunofluorescence images in Figure 5E are difficult to interpret. Please provide images showing more cells with high magnification inset. For quantifying active junctional Rap1 it would be useful if the fluorescence intensity is normalized to a protein signal that does not change e.g. total Rap1. Additionally, a merged image showing active Rap 1 and VE-cadherin could help in highlighting loss of junctional Rap1.
As suggested by the Referee, we have now included lower magnification images and a new inset showing the pixels deriving from active Rap-1 and VE-cadherin co-localization ( Fig 6E, previously named Fig 5E) . Unfortunately, the available antibodies directed to total Rap1 do not work well in immunofluorescence as far as our experience.
Please revise or remove the co-immunoprecipitation of JAM-A and EPAC-2 since the current image is not convincing.
We revised the co-immunoprecipitation of JAM-A. In Fig 6G, to avoid saturation of the input and to improve protein detection in IP we now show bands obtained using different exposure times. Furthermore, to strengthen this finding we performed a reverse co-immunoprecipitation of EPAC-2 and we confirmed that JAM-A forms a complex with EPAC-2 and EPAC-1. These data are now included in Fig 6, panel H. Please provide additional details related to the methods used for assessing MAB migration, such as the number of MABs used. Why was the 6 hour time point selected for the engraftment studies?
We thank the Referee for giving us the opportunity to clarify to the readers some important technical details. For in vivo transmigration assays we injected cells into the femoral artery following a procedure described by (Tedesco et al, 2011) .
In all sets of in vivo experiments, we used murine mesoangioblasts previously transduced with GFPor nLacZ-lentiviral vectors (Supporting Information Fig S2) in order to be able to trace them once infiltrating in the murine muscles.
As specified in Materials and Methods section on page 22, 6 hours after intra-arterial injection, mice were sacrificed and hind limb muscles (tibialis anterior, gastrocnemius and quadriceps) were collected.
We used a 6-hour time point for transmigration analysis since we know from previous work (Galvez et al, 2006; Tedesco et al, 2012 ) that intra-arterially delivered mesoangioblasts have completed transmigration from the vessel lumen into acutely or chronically damaged skeletal muscle.
In vivo transmigration was evaluated by real time PCR of nLacZ ( Fig 1A, 2A , 2B and 7F) or GFP ( Fig 1A) .
In the case of nLacZ-injected mesoangioblasts, engraftment was also evaluated by immunofluorescence (using an anti-b-gal antibody) or X-gal staining and by counting the positive cells on transversal cryosections ( Fig 1C, 1D, 2C and 2D ).
We added these details where appropriate i.e. figure legends and/or Materials and Methods section on page 22. Figure 1B . Why is the muscle fibre size and spacing in the gastrocnemius of wild type and JAM-null mice different?
Please provide images showing histology of the adductor muscle in
Regarding experiment of Fig 1, cardiotoxin was not directly injected in the adductor muscles but, as specified in Materials and Methods section (page 22), only in tibialis anterior, gastrocnemius and quadriceps (that in the manuscript we grouped together under the nomenclature "hind limb muscles"). Taking into account the Referee comment and after careful consideration, we decided that images of the adductor muscle, shown in Fig 1B of the original version of the manuscript might be misleading and we decided to remove them. We now show engraftment only in hind limb cardiotoxin-treated muscles (tibialis anterior, gastrocnemius and quadriceps).
We agree that, in the original figure, fibre size and spacing appear different in JAM-A-null and WT mice. This is likely due to the fact that cardiotoxin does not always induce a reproducible damage. In the present Fig 1C we changed Xgal+H&E images with others, which are more easily comparable and we added in Fig 1 B , H&E images from JAM-A-null and WT mice ( Fig 1B) showing a cardiotoxin damage quite similar in both mouse strains. Importantly, to avoid variability related to cardiotoxin damage, in the present work we also applied other approaches, i.e. treatment of dystrophic Sgca-null mice with anti-JAM-A neutralizing antibody or GGTI and mesoangioblast engraftment in Sgca-null/JAM-A-null mice ( Fig  2) .
The authors inappropriately use a T-Test for data that has been normalized to a control (Figs 1A,  2A, 2B, 6F ). Please use another statistical test or remove statements of significance.
As recommended by this Referee we added an additional figure (in Supporting Information Fig S1) were we show all the raw data we obtained for all experiments in Fig 1A, 2A , 2B and 7F (previously named 6F). On these raw data we performed statistical analysis (T-test) and we show in the main figures only the relative fold increases (Fig 1A, Fig 2A, B and Fig 7F) .
Please comment on the mechanisms of MAB migration.
We have now included additional data reported in the new Fig 5, panels A-D and described in the main text in the paragraph "Changes in junction organization drive MAB transmigration through JAM-A-null endothelial cells" on pages 11-13), which clarify several aspects of mesoangioblast transmigration through JAM-A-WT and JAM-A-null endothelial cells.
Referee #3 (Comments on Novelty/Model System):
Referee #3 (Remarks):
Major concerns:
We previously showed the "Fold increase of MAB engraftment in hind limb muscles of null vs WT mice" (y axis label) and we used the X axis started from 1 as baseline, which is the value of engraftment we set for our WT mice in all the different and independent experiments. To simplify we now show columns relative to the baseline engraftment in the bar graph ( Fig 1A) .
Importantly, we added an additional figure (in Supporting Information Fig S1) were we show all the raw data we obtained for all experiments in Fig 1A, 2A , 2B and 7F (previously named 6F). On these raw data we performed statistical analysis (T-test) and we show in the main figures only their relative fold increases (Fig 1A, Fig 2A, B and Fig 7F) .
In previously published studies (Del Maschio et al, 1999; Martin-Padura et al, 1998) BV11 was found to selectively inhibit JAM-A in vivo and in vitro. To further prove that BV11 inhibits JAM-A activity in vivo also in our experimental settings, we evaluated the activity of its downstream effector Rap-1. To this aim, we performed a pull-down assays for active GTP-loaded Rap-1 in muscle extracts of mice treated with the antibody. We found that Rap-1 activation was decreased upon BV11 treatment in the hind limb muscles of sarcoglycan null/beige mice. These data are now included in Supporting Information Fig S4B. The in vitro studies using down regulated JAM-A in HUVEC cells indicates that human cells migrate more easily when JAM-A expression is decreased. While these studies are supportive of the overall concept that cell migration might be increased when JAM-A is inhibited, they are not strictly supportive of the model proposed here. The authors inject human cells into mice, while the in vitro migration experiments are tested using human cells only. It is felt that a situation resembling more closely the in vivo model should be tested, as this would be more supportive.
In our experiments we always used an intra-specific setting, i.e. in vitro transmigration experiments have been performed using murine mesoangioblasts and murine endothelial cells coming from JAM-A-null or WT mice (Fig 3 and Fig 7 C, D) . Therefore, in vivo experiments reproduce in vitro conditions i.e. murine mesoangioblasts injected into murine models of acute (Fig 1) or chronic muscle injury (Fig 2 and Fig 7F) .
To test whether the same phenomenon occurred in human cells, we performed trans-migration experiments in vitro with human mesoangioblasts and human endothelium (Fig 4 and Fig 7E) and the results confirmed the data obtained in mice.
The studies using GGTI-298 in vivo suffer form the same limitations listed for the BV11 inhibitor. Indeed, effective in vivo blockade of JAM-A and downstream effectors should be supported by additional experiments, particularly given that this drug is delivered IP only 1 hr prior to MAB injection.
As suggested by the Referee, we tested the ability of GGTI-298 to inhibit Rap-1 in our experimental setting. We performed a pull-down assay for active GTP-loaded Rap-1. We found a reduction of Rap-1 activation in the hind limb muscles of sarcoglycan null/beige mice treated with GGTI-298 as compared to control mice.
These data are now included in Supporting Information Fig S4B The immunoprecipitation of EPAC-2 and EPAC-1 using the JAM-A antibody seems very weak (particularly EPAC-2), given the amount of input material. Given that direct binding of these two proteins might be controversial, did the authors attempt a reverse pull-down
We revised the co-immunoprecipitation of JAM-A as suggested. Indeed, in Fig 6G, to avoid saturation of the input and to improve protein detection of immunoprecipitated proteins we showed bands obtained using different exposure times. Moreover, as suggested, to strengthen this finding we performed a reverse co-immunoprecipitation of EPAC-2 and we confirmed that JAM-A forms a complex with EPAC-2 and EPAC-1. These data have been now included in Fig 6, panel H. 
